Zinc is an important mineral with many different roles in poultry metabolism. Noted among these are appetite control, regulation of the immune system, and the numerous effects it has on gene expression [1, 2]. In poultry, Zn deficiency leads to decreased feed intake and decreased collagen formation, which in turn leads to lesions on the skin, delayed wound healing, long bone malformation, and poor feathering [3] [4] [5] .
that are twice the current NRC recommendation of 40 mg of Zn/kg of diet [1, 8, 9] . In an effort to increase bioavailability and decrease the levels of Zn being excreted in the feces, interest has been growing in the use of organic forms of Zn due to work that has demonstrated an increased bioavailability in the presence of phytate [10] [11] [12] .
For the current study, diets were formulated using both soy protein concentrate and corn, which contain approximately 1.52 and 1.35% phytate, respectively [13, 14] , to assess the theory that organic Zn propionate (ZnProp) works in the same manner as other organic Zn sources when in the presence of the Zn antagonist phytate. The goal was to evaluate the relative bioavailability (RB) of Zn, based on growth parameters and bone Zn concentrations in chicks, from ZnProp compared with feed-grade Zn sulfate (ZnSO 4 ).
MATERIALS AND METHODS
Care, handling, and sampling of birds were approved by the North Carolina State University Animal Care and Use Committee. One-hundred and ten 1-d-old Ross chicks were housed at the North Carolina State University Chicken Educational Unit in Raleigh, NC, and fed a semipurified starter diet deficient in Zn (Table 1) for 7 d posthatching. The diet contained isolated soy as the protein source and was formulated to meet At the end of the 7-d depletion period, chicks were weighed and 97 of the most uniform chicks (by BW) were randomly assigned to 1 of 5 treatments; chicks were then randomly assigned to 1 of 5 replicate pens within treatment (4 chicks per pen, with the exception of 3 pens in the control treatment that contained only 3 chicks). The control diet shown in Table 1 was supplemented with 0, 6, or 12 mg of Zn/kg from feed-grade ZnSO 4 [16] or ZnProp [17] . Analyzed concentrations of Zn in the experimental diets are shown in Table 2 . Chicks were housed in heated, thermostatically controlled Petersime batteries [18] with raised wire floors. Feed and water were offered ad libitum. Stainless steel feeders and waterers were used to minimize zinc contamination.
The control diet differs from the starter diet in that ground corn was added at 38.7% to replace some of the dextrose and soy protein present in the semipurified starter diet. Using corn in the diet increased the level of phytate, an important zinc antagonist in nonruminant animals. The control diet analyzed 20.51 mg of Zn/kg.
Experimental diets were fed for 14 d. Individual BW and feed intake (by pen) were measured at 7-d intervals for determination of gain, feed intake, and FE (feed:gain). At the end of the study, chicks were killed by cervical dislocation and tibia bones were excised and used for Zn determination. Tibias were boiled for 10 min in deionized H 2 O to remove all soft tissue, dried at 100°C, then ashed in a Thermolyne muffle furnace [19] at 550°C for 24 h. Bone ash was then dissolved in HNO 3 and brought up to volume using deionized H 2 O. Subsamples of experimental diets were taken weekly and composited at the end of the experiment. Diets were prepared for Zn analysis by wet ashing utilizing HNO 3 . Zinc was measured using atomic absorption spectrophotometry [20] .
Data were analyzed as a completely randomized design using the GLM procedure of SAS [21] . The data were analyzed by treatment with pen as the experimental unit. Zinc bioavailability was determined using ZnSO 4 as a standard source by multiple linear regression and sloperatio methodology [22] . Analyzed supplemental Zn values of the experimental diets were used in the regression analysis. All statements of significance were based on P ≤ 0.05.
RESULTS AND DISCUSSION
Intake and weight gain (Table 3) were not affected by Zn source; however, intake and gain were negatively affected (P < 0.01) with decreasing supplemental Zn level. Feed efficiency (feed:gain; Table 3 ) was poorer (P < 0.01) in the control diet (0 mg of supplemental Zn/kg) compared with all other treatments, but did not differ between the Zn-supplemented diets regardless of source or level. Previous studies have shown that inadequate dietary Zn decreases appetite [9, 23] ; however, the cause of reduced appetite during Zn deficiency is still elusive [1] . Batal et al. [24] saw no further improvement in intake, gain, or FE when supplemental ZnSO 4 •H 2 O exceeded 13.5 mg of Zn/kg in birds fed a similar Zn-deficient soy concentrate-dextrose-based diet. Our results are similar to those of Bao et al. [25] , who reported that chicks will sacrifice growth when Zn concentrations in the diet are deficient.
To properly assess Zn bioavailability, low levels of supplemental Zn are used to prevent the response tissue, in this case bone, from reaching maximal concentrations; this assesses Zn status during a state of rapid accumulation. Further, the addition of corn to the soy protein concentrate-dextrose diet increases dietary phytate, which more closely simulates conventional diets than a purified test diet [11, 26] . Edwards and Baker [26] determined that the phytate content of soy concentrate proteins can reduce the RB of dietary Zn from soy concentrate to 65% when compared with ZnSO 4 . Moreover, when inorganic Zn sources complex with dietary phytate, their absorption efficiency can be reduced by 40%; whereas, organic chelates have been shown to be less affected by phytate [27] . Tibia Zn concentration (μg/g) and total tibia Zn (μg/bone; Table 4) were not affected by Zn source; however, both parameters increased with increasing supplemental Zn level (P < 0.01). These results were comparable to the results recorded by Wedekind and Baker [28] and Wedekind et al. [11] for tibia Zn concentration and total tibia Zn in birds fed similar diets.
Slopes and RB of Zn estimates for ZnProp relative to ZnSO 4 are shown in Table 5 . Zinc propionate RB was 119, 116, and 116% using weight gain (Figure 1 ), tibia Zn concentration (Figure 2) , and total tibia Zn (Figure 3) , respectively. These RB values were greater than ZnSO 4 (P < 0.04) for total tibia Zn. However, ZnProp RB was not significantly greater in regards to weight gain or tibia Zn concentration (P > 0.10).
Inorganic zinc sources, such as ZnSO 4 , dissociate easily in the intestinal tract, allowing Zn to bind to any phytate in the feed to decrease its bioavailability. This can be further exacerbated if the diets contain high levels of calcium (≥1% Ca in the diet) by the formation of a Ca-phytate-Zn complex [6, 7] . Supplementing Zn in an organic form has been proposed as a method to decrease the requirement for Zn through their increased bioavailability. This increased bioavailability would be beneficial, as it would decrease required levels of supplemental Zn inclusion and decrease levels of Zn being excreted in the poultry litter [25] . Although the exact mechanism for this increased bioavailability is not well understood, it has been theorized that the carrier-mediated uptake of Zn in the intestine is improved when it is chelated or complexed with low-molecular weight ligands, such as amino acids, proteins, or organic acids [4, 10] . Various types of organic Zn supplements have been shown to be less affected by phytate [27] . This is possibly due to the organic ligands ability to compete with phytate for Zn, thus preventing the complex formation with this antagonist [12] . In the current study, the diet was formulated with the intention of simulating the levels of phytate in a typical soy-corn-based diet to see if, when challenged with this antagonist, a difference exists between inorganic ZnSO 4 and organic ZnProp. We concluded that the Zn from ZnProp is more bioavailable than from ZnSO 4 when added at physiological concentrations to a soy-corn-based diet containing phytate.
CONCLUSIONS AND APPLICATIONS
1. Supplementation of Zn into a diet containing deficient levels of Zn (≤22 mg of Zn/kg of diet) will increase feed intake, weight gain, tibia Zn concentration, and improve FE. 2. When fed a corn-based diet containing the dietary antagonist phytate, RB of Zn from ZnProp was 116% of the standard feed-grade ZnSO 4 source tested. 3. Increased bioavailability in a practical setting would allow for lesser inclusion of the mineral in the diet while providing similar concentrations of bioavailable Zn to the animal.
